/min). The DRI sampling site was 3 km northwest of Clean Slate 3; the SNL sampling site was 8 km west-northwest of Clean Slate 3 and approximately 2.7 times the distance from Clean Slate 3 as the DRI sampling site. Data on total mass concentration of PM 10 particles (µg/m 3 ), total radionuclide activity for Pu isotopes, and radionuclide activity concentration were compared with the DRI data representing the "near-field" set and the SNL data the "far-field" set.
The PM 10 mass concentration for samples collected by SNL and by DRI averaged 6.2 µg/m 3 and 6.9 µg/m 3 , respectively. Application of a Wilcoxon Rank-Sum test showed no statistical difference between the two sets of mass concentrations, which implies a relatively uniform aerosol loading in the area to the north of the Clean Slate sites. The similarity of the mass concentrations and their low values indicate that there were no major sources of airborne PM 10 near either site, although simultaneous measurements upwind and downwind of the Clean Slate sites would have been necessary to definitively determine emissions that might have come from the Clean Slate sites. From the available data there is no indication that airborne PM 10 particles are being transported farther to the SNL site. However, the data are statistically insufficient to conclude whether there is significant difference in transport of Pu particles in the PM 10 size range in large part because of the small number of samples where the total activity or the activity concentration exceeded the Minimum Detection Activity (MDA). Only 20.8 percent of the SNL samples and only one of the four DRI composite samples for 238 Pu and 239+240 Pu exceeded the MDA. Comparisons of total radionuclide activity and activity concentration could only be conducted by substituting the MDA for samples for which levels were below detection. While the low values of total activity and activity concentration suggest that the inhalation hazard of Pu from the Clean Slate sites is low, the data are insufficient to conclude whether there is a difference in transport of respirable Pu particles to the near-field versus the far-field sites from the Clean Slate sites. 
ACRONYMS

INTRODUCTION
Operation Roller Coaster was a series of nuclear material dispersal experiments, including three (Clean Slate 1, 2, and 3) that resulted in widespread areas of surface soil plutonium (Pu) contamination on the Tonopah Test Range (TTR) in Nevada. The Clean Slates 1, 2, and 3 experiments resulted in the dispersal of Pu from nuclear devices over the area surrounding the three ground zeros as well as downwind. The TTR is located 225 km (140 miles) northwest of Las Vegas, Nevada, within the boundaries of the Nellis Air Force Range (Figure 1) . U.S. Department of Energy's National Nuclear Security Administration (NNSA) operations at TTR are conducted by Sandia National Laboratories-New Mexico (SNL), although environmental restoration of the Clean Slate sites is being conducted by the NNSA Nevada Operations Office (NV).
As part of the Soils Project of the NNSA/NV Environmental Restoration Project, largescale surface excavation of surface soils has already been conducted at Clean Slate 1. To support the remediation of the Clean Slate sites, Desert Research Institute (DRI) collected samples of airborne particles prior to soil excavation to establish background dispersal of Pu from the sites for comparison with air monitoring data collected after excavation. The focus of background sampling was on particles with aerodynamic diameters less than 10 µm (PM 10 ), the particle size range of greatest health concern to site workers or potential off-site receptors from respiration. For ambient background measurements for the Clean Slate sites, portable PM 10 samplers were deployed 3 km to the west-northwest of Clean Slate 3 (Bowen, 1996a (Bowen, ,b,c, 1997a . The locations of the sampling sites are displayed in Figure 2 , as are the Clean Slate sites.
The State of Nevada, Division of Environmental Protection, has raised concerns to NNSA/NV that dispersal of Pu particles from the Clean Slate sites may result in deposition of Pu particles farther downwind where samplers deployed by DRI would not have detected them. To begin addressing this issue, NNSA/NV sought to make a comparison of existing air monitoring data that were collected at a greater distance ("far-field") from the Clean Slate sites than data collected by DRI as part of background monitoring ("near-field"). The data set selected for comparison was air-monitoring data collected by SNL as part of National Emission Standards for Hazardous Air Pollutants (NESHAPs) requirements for TTR (SNL, 1997) . SNL was required under its NESHAPs permit for TTR to measure emissions of radionuclides from "diffuse" sources, namely the three Clean Slate sites. The period of SNL data collection virtually coincides with the one year of continuous background monitoring by DRI between February 1996 and January 1997 prior to excavation work on any of the Clean Slate sites (Bowen, 1997b) .
Between February 1996 and February 1997, as part of a NESHAPs study to measure the dose of a Maximally Exposed Individual (MEI) at TTR, SNL conducted one year of continuous air monitoring near the Clean Slate sites (Culp et al., 1998) . The MEI location near the airfield at TTR is about 8 km west-northwest of Clean Slate 3, and approximately 2.7 times the distance from Clean Slate 3 as the background sampling site used by DRI. Data on PM 10 particle mass concentration (µg/m 3 ), total activity for 238 Pu and 239+240 Pu (pCi), and radionuclide concentration (pCi/g) for the Pu isotopes from these two data sets have been herein compared to evaluate whether there is evidence of farther afield transport (namely to the SNL MEI site) of Pu from the Clean Slate sites that is in addition to that detected at the near-field site.
On an annual basis, TTR has a dichotomy in prevailing wind directions. From late fall to the spring, winds are mostly from the northwest, being influenced by the Pacific air flow patterns over the Sierra Nevada Mountains. From summer through early fall, the winds generally shift to a southeasterly direction from air masses moving out of the Gulf of Mexico and Gulf of California (Culp et al., 1998) . The winds measured by DRI at the Clean Slate background site also showed this dichotomy in the prevailing directions for February 1996 through January 1997. As shown in Table 1 , most of the directions were in the southerly sector from southeasterly to southwesterly or in the northerly sector from northwesterly to northeasterly. During the 12 months including the 11-month overlap period between sampling by DRI and SNL, the winds were southerly 45 percent of the time and northerly 37 percent of the time. The wind was calm 8 percent of the time and had directions other than southerly or northerly 10 percent of the time. As noted above, summer months had higher incidences of southerly winds. In addition, southerly winds were more prevalent than northerly during both the daytime and nighttime, although more so during the daytime during the summer.
The comparison of the Clean Slate background monitoring results with the SNL NESHAPs monitoring results should not in any way be construed as a re-evaluation of the SNL data for meeting its NESHAPs requirements. That is, the SNL data were not specifically collected for this air monitoring results comparison. Lastly, as a point of reference, the ambient background air monitoring conducted by DRI and the NESHAPs data were collected prior to Corrective Action at any of the Clean Slate sites. Excavation of contaminated surface soils for remediation of Clean Slate 1 was done from April to August 1997.
PARTICLE COLLECTION AND ANALYSES
The SNL samples were collected on quartz filters with a high-volume PM 10 sampler. The sampler was operated at a flow rate of approximately 1.13 m 3 /min (40 ft 3 /min) in accordance with the design of the size-selective inlet used to obtain PM 10 . Individual air samples were exposed for 48 hours and then composited as 14-day samples. The filters were weighed before and after sampling to obtain the net mass loading on the filters. For each two-week period, seven filters were composited and analyzed for 241 Am, 238 Pu, and 239+240 Pu by alpha spectroscopy. The concentrations of ambient PM 10 were calculated for each composite period from the net mass collected, the flow rate, and the exposure time. Each individual sample represented a volume of about 3,100 m 3 and each composite about 22,000 m 3 . Approximately 0.1 g of material would have been collected during a two-week period if the mass concentration in the ambient air had been 5 µg/m 3 .
The DRI samples were collected on Teflon filters by battery-operated, low-volume samplers that operated at 5 l/min flow rates for 24-hour periods. Two 24-hour samples were collected each week: one on Monday and the other on Friday. An additional collocated sample was collected each Monday. Each filter was weighed at DRI's Reno laboratory before and after sampling to obtain its net mass loading. The concentration of ambient PM 10 for each sample period was calculated from the net mass collected, the flow rate, and the exposure time. The concentration on those days with two collocated samples was the average of the two samples. All exposed filters, including the collocated samples, were submitted to Bechtel Nevada (BN) Analytical Services Laboratory in Mercury, Nevada, for analysis of 238 Pu and 239+240 Pu by alpha spectroscopy. BN combined the material on the filters into four sets, each covering a three-month period, and then analyzed the four composite sets. BN provided activity data in µCi per composite sample for SNL analyzed a total of 26 composite samples that were collected between the end of February 1996 and end of February 1997. DRI collected samples on 101 days of a possible 107 days between the end of January 1996 and the end of January 1997. A total of 144 valid filter samples, including the collocated samples, was collected, all of which were composited for radioactivity analysis. Samples were invalidated because of sampler failures that resulted in no sample collection and filter handling problems that resulted in damaged filters. For the overlapping period of sampling from the end of February 1996 to the end of January 1997, SNL collected 24 composites, while DRI collected samples on 94 of a possible 99 sample days. Corresponding to the DRI three-month composites, there were five, six and a half, six and a half, and six SNL composites for the first, second, third, and fourth periods, respectively.
SAMPLE COMPARISONS 3.1 Mass Concentration Comparisons
The DRI mass concentrations for PM 10 particles for each SNL sample period were identified and averaged for comparison to the SNL mass concentrations for those periods as shown in Table 2 . The average concentrations were 6.2 µg/m 3 for the SNL samples and 6.9 µg/m 3 for the DRI samples. The variation of the two sample sets was similar with the SNL samples having a standard deviation of ±3.8 µg/m 3 and a range of 0.4 µg/m 3 to 14.9 µg/m 3 and the DRI samples having a standard deviation of ±4.1 µg/m 3 and a range of 1.8 µg/m 3 to 15.2 µg/m 3 . The DRI mass concentrations were higher than their corresponding SNL concentrations for 14 samples, while SNL concentrations were higher for 10 samples. All of the DRI mass concentrations are included in the Appendix as well as the uncertainties of the mass concentration measurements. The uncertainties have been calculated using the method of Watson et al. (1989) in which variances of the collocated and blank filter measurements and of the collected volume are propagated to the measurements of the mass concentrations. The uncertainties have been determined for the three-month periods that corresponded to the original reporting periods, since the mass data were adjusted for the blank filter masses during those periods. The variances of the collocated mass differences and the blanks controlled the uncertainty for samples that were exposed for 24 hours so that the uncertainties for each three-month period were the same. For samples that were exposed for other than 24 hours, uncertainties changed in inverse proportion to the fraction of the day sampled. The uncertainties for the 24-hour samples were 3.4 µg/m 3 for January to April 1996, 2.7 µg/m 3 for May to July 1996, 3.3 µg/m 3 for August to October 1996, and 1.3 µg/m 3 for November 1996 to February 1997.
Although the two sample sets were collected during the same time period, they were not collected with the same type of instruments at the same frequency or at the same locations and were not truly paired samples. To compare the concentrations of the two sets of measurements, a nonparametric statistical test that allows the testing for the difference between the medians of two independent samples, the Wilcoxon Rank-Sum Test, was used (Computing Resource Center, 1992) . This test did not require that the underlying distributions for the two sets of samples were normal but generated a statistic, the Wilcoxon Rank-Sum Statistic, that had an approximately normal distribution (Weinberg et al., 1981) . The composite SNL data and the average DRI mass concentrations were combined into one set of data and ranked in ascending order with each concentration given a number rank. Equal concentrations were given equal to the average of the ranks for those concentrations. The Wilcoxon Rank-Sum Statistics for each sample were calculated as the sum of the ranks for each sample: 560.5 for the 24 SNL samples and 615.5 for the 24 DRI samples. The expected value for each statistic was found from where Var(T SNL or DRI ) was the variance of the ranks for either SNL or DRI concentrations and m SNL and m DRI were the number of concentrations for the two sets. For the data in question, the expected value for the sum of the ranks was 588 and the variance was 2,352.
The medians of the two distributions were compared with a statistical test that first assumed that there was no difference between the actual sums of ranks and the expected sum of ranks, i.e., the null hypothesis. The probability of incorrectly rejecting this null hypothesis gave a measure of the statistical significance of possible differences between the medians of the distributions of the concentrations. Since the distribution of the Wilcoxon Rank-Sum Statistics was approximately normal, the following Z statistic was generated for comparison with a normal distribution:
The Z statistics were -0.567 for the SNL ranks and 0.567 for the DRI ranks. For a twosided test of a normal distribution, these Z statistics showed that the medians were not statistically different at any level smaller than the 57.1 percent level. It can be concluded from this test that the calculated median mass loadings of PM 10 particles at the two sites were not different.
Radiation Measurement Comparisons
Data listed in SNL's NESHAPs report and supplied to DRI by SNL show that the amount of radioactivity on most of the composite samples was at or below the MDAs of the measurement technique. Table 3 gives the number of SNL samples for the overlapping period with the DRI samples that had activities greater than, equal to, and less than the MDA.
Radiation measurements of the DRI samples showed activities that were below MDAs for three of the four composites. Only one sample had a 239+240 Pu activity that was above detection limits. With most of the measurements below detection limits, the activities of the two sets of samples cannot be definitively compared. The activities could only be compared by replacing those activities that were below detection limits with their MDAs.
To compare maximum possible sample activities, the SNL activities were combined into four groups with each corresponding to one of the DRI composite periods. The activities of the combined SNL samples were computed as total activity in pCi/g and activity concentrations in pCi/m 3 with the MDAs used for those samples having activities below the MDA. The SNL and DRI activities for the three-month periods are given in Table 4 . The one DRI sample that was above detection limits is noted in the table. The number of SNL samples at or above detection limits is also noted for each three-month period.
The total activities on the SNL samples were higher than those on the DRI samples, likely the result of collecting a much higher amount of mass with the higher volume air samplers and longer exposure times used for the NESHAPs monitoring. However, the activity concentration, in pCi/g, was greater for the one DRI composite sample above the MDA. The SNL samples for the February-April 1996 and May-July 1996 periods, most of which were at or above the MDAs for 241 Am and 239+240 Pu, had activity concentrations that were a few tenths of a pCi/g, while the DRI activity was 77 pCi/g for 239+240 Pu for the February-April 1996 composite. DRI samples for the August-October 1996 period had lower MDAs and thus lower possible maximum activities than during the two previous periods but still had MDAs that were five times the maximum possible SNL MDAs. The SNL samples for November 1996-January 1997 had higher MDAs than in previous months but still had maximum possible activities that were half those of the maximum possible DRI activities. However, the limited number of samples exceeding the MDA limits the significance of these seasonal differences.
CONCLUSIONS
The PM 10 mass concentrations for samples collected by SNL at a site near the TTR airport and by DRI at the Clean Slate background site averaged 6.2 µg/m 3 and 6.9 µg/m 3 , respectively, for the comparison period. Application of a Wilcoxon Rank-Sum Test showed that there was no statistical difference between the medians of the mass concentrations of the two sample sets, which implies a relatively uniform aerosol loading in the area to the north of the Clean Slate sites. The similar mass concentrations and their low values imply that there were no major sources of airborne PM 10 near either sampling site, although simultaneous measurements upwind and downwind of the Clean Slate sites would have been necessary to definitively determine emissions that might have come from the Clean Slate sites. More specifically, there is no indication from the available data that airborne PM 10 particles are being transported farther to the SNL NESHAPs monitoring location from the Clean Slate sites than to the near-field, DRI monitoring site.
However, the available data are insufficient to conclude whether there are significant differences in the transport of airborne plutonium particles in the respirable size range between the near-field (DRI) and the far-field (SNL) monitoring sites. In large part, this is a consequence of the small number of samples where the total activity or the activity concentration exceeded the MDA of the measurements. Only 10 of 48 SNL samples (20.8 percent) had activities for 238 Pu and 239+240 Pu that were equal to or greater than the MDA. Similarly, only one of the four composite samples collected by DRI had a 239+240 Pu activity that exceeded the MDA. The low Pu, 0 for 239+240 Pu from a total of 6 samples b Analysis above detection limits values of total activity and activity concentration from both sites suggest the inhalation hazard from plutonium is low. Compared to the Derived Concentration Guide (DCG) for exposure to the general public of 3 X 10 -15 µCi/ml (an effective dose equivalent {EDE} of 10 mrem/yr), the highest measured concentration from the DRI sampling (the February to April 1996 sample) was 13.3 percent of the DCG (Bowen, 1997a 
